Abstract. Primary central nervous system lymphoma (PCNSL) is a nervous-system-seeking extranodal nonHodgkin's lymphoma whose incidence has increased in both immunocompromised and immunocompetent patients. Corticosteroids are used for symptomatic management but can interfere with pathological diagnosis. The well-established treatments such as radiotherapy, chemotherapy or a combination of both remain the mainstays. Traditionally, the most important role for surgery is to obtain and sample adequate tissue to confirm a diagnosis with stereotactic biopsy. Though no benefit could be demonstrated for debulking surgery, a subset of patients with large space occupying lesions which could be well circumscribed and surgically accessible may benefit from tumor resection. Moreover, surgical procedures to carry out interstitial chemotherapy and/or brachytherapy with or without tumor resection hold promise. Complications such as hydrocephalus could be managed by ventriculoperitoneal shunting. Further application of surgical procedures in the treatment of PCNSL is recommended with caution and strict patient selection criteria, and should be used in combination with radiotherapy and/or chemotherapy.
Introduction
Primary central nervous system lymphoma (PCNSL) is a rare form of non-Hodgkin's lymphoma (NHL) that is restricted entirely to the brain, leptomeninges, eyes, and rarely the spinal cord, representing 3.1% of all primary brain tumors (1) . PCNSL has a higher incidence among immunocompromised patients, presenting the most common intracranial neoplasm in patients with AIDS (2) . After a 3-fold rise two decades ago, the incidence of PCNSL continues to increase at a rate of 0.46 per 100,000 patient-years (1, 3) . The increasing incidence can be partially attributed to prolonged survival of AIDS patients and the extensive use of immunosuppressive therapy in organ transplantation and autoimmune disease (4) . However, there has also been a 3-fold increase in the incidence of PCNSL among immunocompetent patients, within some studies representing more than 6% of primary intracerebral neoplasms (5) . This review focuses on PCNSL in the immunocompetent patient population.
Most of the current data regarding PCNSL strongly support a protocol for stereotactic biopsy to establish the most reliable diagnosis, followed by chemotherapy and radiotherapy (RT) tailored to treat the histological subtype of the tumor (6) . The efficacy of chemotherapy and RT is well established but, despite a response rate up to 80%, it is almost never curative with a median survival after diagnosis of 11-41 months (7, 8) . Craniotomy for debulking or resection of the tumor is widely believed to provide no therapeutic benefit (9, 10) ; however, the reasons for that are not entirely clear. Though perhaps the most salient argument against aggressive resection is the microscopically widespread nature of PCNSL at diagnosis, there is a possibility that the tumors respond so well to chemotherapy and RT, that the benefits of surgery may be underestimated. Although the tumors may disappear after chemotherapy and RT, they usually relapse, so that a closer look to the role of surgery is warranted.
In this reviews, in addition to chemotherapy, RT and stemcell rescue, we paid more attention to the questions concerning the surgical management of PCNSL, such as patient selection, preoperative workup, the diagnostic value of stereotactic biopsy, and the therapeutic role of open craniotomy. ONCOLOGY REPORTS 22: 439-449, 2009 439 Limited role of surgery in the management of primary central nervous system lymphoma (Review)
Etiology and pathology
PCNSL impacts two distinct populations. Here we discuss the immunocompetence with unknown etiology. Some have postulated that PCNSL occurs secondary to a systemic malignancy that is eliminated by the peripheral immune system except for the CNS because of the immune privilege (11) . Alternatively, it has been proposed that a malignant clone of systemic lymphocytes expressing specific adhesion molecules may enter the brain (12, 13) . PCNSL makes up <2-3% of NHLs (14) , whilst being classified as stage IE NHL because of the restriction to a single extranodal site. The most common histopathological diagnosis is malignant diffuse large B-cell lymphomas (DLBCLs) which are germinal center in origin, accounting for 90% of all PCNSL (15) . T-cell variants are rare and account for <4% of all PCNSL in the Western world (11) , whose clinical presentation and outcome appear very similar to that of B-cell PCNSL (16) . Another even rarer form primary low grade CNS lymphoma has been reported in the literature as small series or single case reports, which represent classically as dural-based masses mimicking meningioma and seem to have a better prognosis (17).
Diagnosis
Clinical presentation. The clinical presentation of patients with PCNSL varies according to the location and size of the tumor, as well as the immunological status of the patient. In immunocompetent patients with PCNSL, the median age at presentation is 55 years, and the male-to-female ratio has been reported as ranging from 1.2:1 to 1.7:1 (9) .
Similar to brain tumors in general, patients with PCNSL, of whom 65% were solitary lesions and 35% were multifocal lesions, typically present with focal symptoms and raised intracranial pressure (Table I) (6, 9) .
Patients with intraocular lymphoma (IOL) may complain of blurry vision, clouded vision or floaters. If lymphoma is not considered during slit-lamp examination, these patients have a large possibility to be misdiagnosed with uveitis. Patients with leptomeningeal lymphoma are mostly asymptomatic. A specific history of truncal anaesthesia, bladder control problems, or non-localized pain should be obtained to assess signs and symptoms of invasion.
Neuroimaging. Since the presentation of PCNSL is nonspecific, a gadolinium-enhanced magnetic resonance imaging (MRI) of the brain is required for clinical decision making. PCNSL is usually hypointense to isointense on T1 images and isointense to hyperintense on T2 images. Contrast enhancement is diffuse and, because of their indistinct borders, these tumors are often appeared cloud-like (Fig. 1) . Gadolinium-enhanced MRI of the spine should be done in patients with spinal cord or leptomeningeal symptoms but is not required for routine workup. Magnetic resonance spectroscopy identifies tumor masses with marked increase in choline to creatine ratio, reduction of N-acetylaspartate and presence of a lactate-lipid peak. PET and SPECT imaging might be useful tools in screening occult systemic disease.
CSF. CSF analysis including cell counts, protein and glucose levels, cytology, flow cytometry, and immunoglobulin heavychain gene rearrangement studies, if not done for diagnosis, is necessary to evaluate for evidence of leptomeningeal involvement. Tumor diagnostic markers such as lactate dehydrogenase, ß-glucuronidase, and ß2-microglobulin can be helpful (11) . The detection of lymphoma cells in the CSF or in a vitreous biopsy when possible is sufficient to make the diagnosis without the need for a brain stereotactic biopsy (18) . However, the initial CSF cytologic studies were positive in only two thirds of patients, suggesting a need for serial lumbar punctures; patients with rapidly worsening clinical symptoms should undergo stereotactic biopsy immediately for definitive diagnosis.
Systemic examination. Since PCNSL may involve any part of the craniospinal axis including the eyes, spinal cord, leptomeninges and CSF, all areas must be evaluated for the presence of tumor prior to making a therapeutic choice. Systemic involvement is so rare at onset (<5%) that the need for extensive initial staging has been debated; however, Abrey et al suggested that the diagnostic workup recommended by International PCNSL Collaborative Group be followed (Table II) (19) . Moreover, systemic disease should be ruled out prior to cranial biopsy, since the finding of extracranial lesion can obviate the need for a cranial procedure.
Prognosis
The identification and evaluation of prognostic factors enables stratifying PCNSL patients into specific risk groups that can help to define optimal therapy strategy and predict survival. In addition, the use of prognostic factors is critical for comparing clinical trials results which are hardly ever randomized, because of the low incidence of PCNSL.
Age, performance status, serum lactate dehydrogenase (LDH) level, CSF protein concentration and tumor location are thought to be prognostic factors for PCNSL. Lower age Table I . Clinical signs and different lesion sites at admission in patients with PCNSL. Table III . Outcomes of prospective phase II trials assessing different treatment regimens for PCNSL.
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and higher Karnofsky Performance Status (KPS) have long been identified as significant favorable prognostic factors for PCNSL (20) . Some even have argued that age may influence the outcome more than treatment (21) . High LDH level has been a common indicator of aggressiveness and poor prognosis for all subtypes of NHL (22) . Factors specific to PCNSL include elevation of CSF protein which has been shown to correlate strongly with poorer survival (22) . Location of tumor in deeper structures of the brain predicts worse outcomes (22) . The International Extranodal Lymphoma Study Group (IELSG) prognostic score consists of the 5 parameters mentioned above, according to which patients are divided into 3 risk groups (23) 
year survival of 15±7%. A model based only on age and KPS score that was developed at the Memorial SloanKettering Cancer Center divides patients into 3 groups: class 1 (age <50), class 2 (age ≥50 and KPS ≥70), and class 3 (age ≥50 and KPS <70) (24) . It predicts a median survival of 8.5, 3.2 and 1.1 years for classes 1, 2 and 3, respectively. Authors of this model argued that, unlike the IELSG score, their approach is simple to use and is validated by using data from prospective trials (24) . Nonetheless, according to the analysis of Ferreri et al (25) the simplicity of this approach could be to the detriment of accuracy (25).
Well-established treatment options
Steroid therapy. Corticosteroids are highly effectual for symptomatic management of PCNSL. Clinical improvement after initiation of corticosteroids therapy is chiefly due to decreased edema in the surrounding brain tissue and partially due to the lympholytic effects of this compound. Corticosteroids may even cause complete resolution of lesions within a few days after initiation of treatment (26) . Unfortunately, most patients relapse quickly when corticosteroids are used as the sole therapy.
It is commonly emphasized that patients with suspected PCNSL should not receive corticosteroid previous to tissue diagnosis because the lympholytic effects of these medications may lead to a non-diagnostic biopsy (26, 27) . The histopathological appearance may be interpreted as inflammatory changes other than malignancy because of the rapid killing of B cells. Steroid treatment may also result in the findings of demyelination and the presence of T cells within the specimen, producing a false negative result. However, recently Porter et al (28) challenged this premise that the majority of PCNSL patients who received previous corticosteroids did not experience higher non-diagnostic biopsy rates. Thus when symptoms are severe or life-threatening (from increased intracranial pressure), steroids are the main treatment for symptomatic relief and to prevent herniation. The common strategy of the steroid treatment is to maintain patients on the minimum dose for a shortest period as possible in an effort to avoid high-dose and long-term side effects.
Radiotherapy. Neuroimaging would suggest that some of PCNSL represent focal leisions and could therefore be addressed with local therapy. Autopsy studies have confirmed that MRI significantly underestimates the extent of involvement and that PCNSL in fact is a diffuse infiltrative condition (29) . Patients treated with focal RT had significant rates of relapse outside of the RT field, and even in treated ports (30) . Whole-brain radiation therapy (WBRT) has consequently long been a standard component of treatment, yet the dose has been controversial. Whether RT is placed as exclusive treatment or consolidation after chemotherapy, the ideal dose based on several studies is somewhere in the range of 40-50 Gy (20, 31, 32) . Patients receiving <40 Gy had poorer survival outcomes due to inefficient tumor control, and those receiving >50 Gy had poorer outcomes caused by neurotoxicity (20, 31, 33) . No benefit was shown by the addition of a boost to the tumor bed (32) . Current recommendations are to treat the whole brain with 45 Gy with no boost (11) . WBRT alone does not produce durable remissions for most patients (32) . In patients over age 60, RT may be deferred with the aim of limiting neurotoxicity without compromising survival (34) . Recent protocols have further examined the option of either deferring RT or using a lower dose in the elderly and in patients with a complete response (CR) to chemotherapy (33, 35) .
Chemotherapy alone. The use of cyclophosphamide, doxorubicin, vincristine, and prednisone showed no benefit over RT alone, and responses tended to be transitory (36) . Similar results were found when low-dose methotrexate (MTX) and bleomycin were added to the regimen (37) . When used in high doses (1-8 g/m 2 ), MTX is essentially forced across the blood brain barrier to reach effective levels in the brain and in CSF. There is a general agreement that HD-MTX with folinic acid rescue is the most active drug available currently for PCNSL (38) , while HD-MTX (>3.5 g/ m 2 ) is thought to be an essential component of any treatment regimen (39) . Besides, high-dose cytarabine might be an independent positive prognostic factor for improved survival if given with HD-MTX (>3 g/m 2 ) (preferably after MTX rather than before) (40, 41) .
Chemotherapy alone recently has been emphasized again, especially in PCNSL patients older than 60 who were at highest risk for RT-related neurotoxicity. Some methotrexatebased, multiagent chemotherapy regimens have been assessed in prospective phase II trials, in which promising results were gained (Table III) (42, 43) .
The addition of intrathecal chemotherapy makes no improvement in outcome of patients who receive HD-MTXbased chemotherapy (38, 44, 45) , while it may be worse for increased risks of neurotoxicity and chemical meningitis. Currently, intrathecal chemotherapy is added only to the regimen of patients who have a positive CSF cytologic examination.
Though chemotherapy alone is an effective treatment for some PCNSL, Bessell et al (18) contended that chemotherapy alone should be the subject of experimental protocols and not considered a standard approach in patients with IOL.
Combined-modality therapy. HD-MTX-based combination chemotherapy together with RT and treatment of leptomeningeal disease noticeably prolongs survival when compared with RT alone (46) (47) (48) (49) (50) (51) . Although most additional drugs have no proven benefit over HD-MTX alone (15, 40) , HD-MTX alone without immediate RT afterwards appears to produce an inferior result (52, 53) . Any regimen without HD-MTX performs no better than RT alone (36, 54) , while RT alone is insufficient to produce durable remissions for most patients (32) or to treat disease involving the subarachnoid space (46) . Accordingly, it is advocated that followed by WBRT, HD-MTX alone or combinations including this drug should be used as primary approaches against PCNSL (15) .
Current efforts focus on optimizing chemotherapy with the goal of deferring/reducing RT and its consequent neurotoxicity. The application of high-dose chemotherapy followed by autologous stem-cell transplantation (ASCT) is such an approach, which has succeeded in the treatment of systemic NHL (55) and holds much promise for patients with PCNSL (56) (57) (58) . Alternatively, excellent disease control could be achieved by immunochemotherapy with reduceddose WBRT (35) . The use of chemotherapy and ASCT in conjunction with WBRT has also resulted in prolonged survival (59, 60) .
Salvage therapy. At relapse, some PCNSL remain treatmentsensitive to previous therapy. In patients who experienced a prolonged lymphoma remission after first-line chemotherapy containing HD-MTX, a second course may reinduce a response in over half of patients (61) . However, retreatment may raise the risk for neurotoxicity. Salvage monochemotherapy with temozolomide or topotecan in patients previously managed with an RT-containing approach is supported by prospective trials, whereas the combination chemotherapy remains investigational (62) (63) (64) . High-dose chemotherapy supported by ASCT and the use of intrathecal chemotherapy in patients with meningeal failure hold promise to be further addressed in prospective trials (64) .
WBRT as a salvage therapy after failure with initial MTXbased chemotherapy can be correlated with a substantial rate of response and a modest neurotoxicity rate if total RT dose is <36 Gy (65) . However, it should be noted that in these patients, the risk of neurotoxicity after salvage RT (in 15-58% of cases) (53, 65) could be greater than with RT given immediately after chemotherapy (in 8-13% of cases) (45, 66) .
Treatment-related neurotoxicity. Despite the successful response to PCNSL management, it is not without consequences. Most important is the delayed neurotoxicity seen as a consequence of the WBRT-containing regimens (67), since chemotherapy only regimens seem to achieve lower neurotoxicity rates. However, this comparison appears biased in favor of the latter, because toxicity data here refer only to patients with CR after chemotherapy, while ignoring partial responders or non-responders to chemotherapy who subsequently have CR with WBRT in chemoradiotherapy regimens (68) .
Symptoms can emerge as early as weeks to months after treatment, which is more prominent in the elderly and can be devastating. Clinical features comprise executive dysfunction, behavioral changes, ataxia and urinary incontinence which is progressive, while MRI shows a significant leukoencephalopathy (69).
Noticeably, the neurocognitive risk is increased in more than an additive manner when treatments are combined (70) . Combination chemotherapy elevated the risk of treatment related deaths respecting single agent HD MTX from 0-3% (31,45,66) to 6-16% (33, 42, 43, 48) .
A constant dilemma in PCNSL management is the option between dose-intensified strategies to improve outcome versus deescalated approaches to avoid severe neurotoxicity. The latter continues as an increasingly significant objective when making the treatment options and is especially imperative in encouraging research for the individualization of the pathophysiological mechanisms of neurotoxicity and for risk factors pointing to neuroprotective or rehabilitative therapies aimed to prevent or treat cognitive deficits. Baseline neuropsychological tests should be carried out before treatment and repeated during and after treatment.
Surgical consideration
Stereotactic biopsy. Surgical intervention pivots on a suspected diagnosis of PCNSL, based on acute neurological presentation and neuroimaging findings. Unless there is an urgent need for surgical decompression, a biopsy to confirm a diagnosis of PCNSL is the first step in surgical management.
Biopsies of intracranial PCNSLs can be performed via frame-based or frameless stereotactic protocols, depending primarily on the surgeon's experience and the availability of necessary apparatus. In accordance with Elder and Chen (71), frame-based biopsies are preferably performed in cases involving small (<2 cm), deep midline lesions and in tumors that enhance well with contrast. Frameless systems are often used for a tumor in the temporal lobe (where it is more difficult to achieve a good trajectory with a frame-based system) and for larger lesions (>2 cm) (71) .
The biopsy samples obtained during the procedure are sent for pathological analysis. Frozen section of the lesion with standard hematoxylin and eosin staining is of diagnostic value in those PCNSL strongly suspectable cases. Histological and immunohistochemical analysis of paraffin-embedded tissue is also performed using the following stains and antibodies: hematoxylin and eosin ( Fig. 2A) , glial fibrillary acidic protein (a marker for glial neoplasms), CD3 (a T-cell marker), CD20 (a B-cell marker) (Fig. 2B ), CD45 (a common leukocyte antigen, which stains both T and B cells) (Fig. 2C) , keratin (a marker for carcinoma), and Ki-67 (a proliferation marker) (Fig. 2D) . These analyses solidify the diagnosis of PCNSL and may further categorize the tumor founded on immunological cell surface markers. It is of great significance when designing future therapeutic approaches specific to tumor subsets.
Craniotomy. Stereotactic biopsy is considered by most authors to be the only surgical intervention indicated for patients with PCNSL. Resection is usually not considered due to the multicentric, infiltrative nature of the tumor and the usual remarkable response to chemotherapy and RT. Gross-total resection or debulking of PCNSL is widely believed to offer no additional clinical or survival benefit over biopsy alone (6, 10, 19) . Murray et al (72) reported a series of 11 cases of PCNSL and reviewed the previously reported ONCOLOGY REPORTS 22: 439-449, 2009 cases which included 693 cases of PCNSL. In 398 of the cases, the patients underwent craniotomies, 85 of whom had no postoperative adjuvant therapy. The median reported survival time among these 85 patients was 1 month. Only one patient survived beyond 3 years. The authors concluded that extent of resection had no effect on median survival. Tomlinson et al (73) reported their study in which among 89 cases of PCNSL, craniotomy was performed in 42 patients, and the remainder underwent biopsy. Survival was not significantly different between the groups, and the authors came to a similar conclusion that extent of resection was not associated with survival. However, interpretation of these data is difficult because no selection criteria for the craniotomy patients were provided.
Bataille et al (6) have further contended the inadvisability of open craniotomy with partial tumor resection. The 1-year survival rate in the complete resection group was 56.6%, compared with 48.6% in the group underwent stereotactic biopsy alone, and 31.8% in the partial resection group. Among the three treatment variables, only partial resection achieved a statistically significant, though negative, impact on survival. The authors did not discuss the complete resection group along with whose 1-year survival rate, even though not statistically significant, is indicative of possible therapeutic benefit. Moreover, no specific information was given concerning extent of resection and patient selection criteria. In this respect most reports give information regarding survival regardless of the multiplicity of the lesion and the extent of resection. The results of surgical treatment are often based on a high percentage of multicentric lesions or partial resection (74) , which makes it difficult to determine the real impact of surgery on survival.
Woodman et al (75) performed biopsy in one patient and subtotal resection in 13 patients, five of whom presenting with a solitary lesion. All patients received WBRT with a mean survival of 24.7 months. Interestingly 60% of the longterm survivors (>5 years) received surgical resection of solitary lesions. Rarely but existing, Sonstein et al (76) presented a long term survivor of a surgically resected solitary PCNSL without any adjuvant RT or chemotherapy. More surprisingly, Davies et al (77) reported on a case treated with surgery without conventional therapy who survived 20 years after diagnosis.
When considering craniotomy for resection of a suspected PCNSL lesion, factors including location, size and the number of lesions present are crucial to evaluate. Bellinzona et al (78) supported the use of craniotomy in a select subset of patients who present with large, solitary, space-occupying lesions and progressive neurological deterioration. The authors described 33 cases of PCNSL in 32 patients, among which 23 patients presented with clinical signs of high intracranial pressure. The patients were treated with either gross total (15) or partial (10) removal of the tumor and stereotactic biopsy was performed in 8 cases. Nevertheless, it must be underlined that all patients who received surgery then underwent conventional therapy with RT, chemotherapy or a combination of both. The authors concluded that their data confirmed the role of RT and chemotherapy in the treatment of PCNSL reported previously, and that, although no benefit could be demonstrated for the role of sole surgical therapy, a selected subset of patients might benefit from craniotomy. The positive effect of surgical removal on survival could be seen among patients who received RT, chemotherapy or a combination of both, as well as all three treatment modalities had a positive and additive impact on survival (78) . Of greatest significance, their data call into question the view that surgery plays a negative role in the treatment of PCNSL or that it gives no survival advantage in all cases (78) .
Elder and Chen (71) argued that patients with possible pending herniation and a surgically accessible mass lesion may be considered for urgent craniotomy for debulking of the tumor and tissue diagnosis. While those without signs of herniation may undergo further preoperative evaluation, and ultimately, the majority of them will require stereotactic biopsy for tissue diagnosis.
One further point should be emphasized that though surgery as sole treatment did not appear to have improved survival over that of untreated patients, patients receiving chemotherapy and/or RT after surgery had longer survivals than those who underwent surgery alone or who received no treatment (79) . However, the impact of treatment on survival has been analyzed in comparison between chemotherapy/RT combined surgery and chemotherapy/RT alone in no published reports thus far, which may partially responsible for the underestimation of surgical intervention in PCNSL.
Catheter reservoir placement. In case that intrathecal chemotherapy is required (for instance, in patients with leptomeningeal lymphoma), an Ommaya reservoir can be implanted through surgical procedure (usually during craniotomy for tumor resection). For the purpose of interstitial chemotherapy, MTX or carmustine or cytarabine can be delivered into the reservoir. The preference for intra-Ommaya administration is based on the fact that intrathecal administration is notoriously inconsistent and requires repeated intervention with lumbar puncture (80) . However, patients with hydrocephalus should not receive an Ommaya reservoir.
For the purpose of brachytherapy, iridium 192 sources were delivered into the resection cavity by using a stereotactic guidance system and an image-defined, volumetrically determined target (81) .
In some cases, once the diagnosis of PCNSL has been established through stereotactic biopsy, the patients could be alternatively treated with interstitial chemotherapy or/and brachytherapy without simultaneous tumor resection.
Ventriculoperitoneal shunt placement. Besides diagnostic value of stereotactic biopsy and decompression by open craniotomy resection, surgical interventions also play a role in the treatment of complications of PCNSL. PNCSL can cause generalized hydrocephalus or loculation of part of the ventricular system. Mass effect from the tumor, leptomeningeal involvement or inflammation may lead to obstruction of CSF outflow. In these cases, placement of a ventriculoperitoneal shunt is designated for diversion of CSF.
Additionally, in the presence of delayed neurotoxicity caused by combination of MTX and WBRT, treatment is limited but a handful of patients find temporary benefit from ventriculoperitoneal shunting (82) . However, the use of ventriculoperitoneal shunt in PCNSL should be considered with caution since the high risk of peritoneal dissemination of tumor cells.
Conclusion
A growing number of patients have achieved high-functioning long-term survival according to current management for PCNSL. Yet population-based statistical analyses have failed to reveal improvement in survival despite the therapeutic advances (83) . Chemotherapy, corticosteroids, WBRT and combined-modality therapy remain the mainstays of management for PCNSL. MTX-based, multi-agent chemotherapy currently is the treatment of choice, especially in the elderly patient population. The optimal role and timing of WBRT has yet to be established. Avoiding neurotoxicity is an important goal when deciding therapy strategy. If possible, surgical consideration is still limited to a diagnostic stereotactic biopsy to obtain tumor specimens for pathological analysis. Craniotomy for tumor resection may be indicated in patients with rapid neurological deterioration or impending herniation. Patients with clinical or neuroimaging evidence of PCNSL presenting as space occupying lesions which are amenable to resection may represent a subset of patients who merit consideration for open craniotomy to remove their tumors. Catheter reservoir placement for interstitial chemotherapy or/and brachytherapy might be taken into consideration in some cases. On account of the very nature of retrospective studies, the impact of surgery could not reach statistical significance. However, future prospective randomized study to address the role of surgery is unrealistic due to the low incidence of PCNSL and the limited number of patients eligible for surgery. Thus it is recommended that surgical procedure be used with caution and strict patient selection criteria, advisably in combination with RT and/or chemotherapy to improve the outcome.
